Objectives: This study examines the associations among serum b2 microglobulin (B2M), malnutrition, inflammation, and atherosclerosis (MIA) in those with chronic kidney disease (CKD). Methods: CKD patients who were followed in Taoyuan General Hospital from 2009 to 2015 were enrolled. Demographic and biochemical data, including B2M and Creactive protein (CRP) were reviewed. The participants were stratified according to B2M tertiles. Adjusted hazard ratios (AHRs) and cumulative survival curves for death and MIA syndrome were evaluated by Cox hazard model and KaplanMeier method. We also calculated the area under the curve for the receiver operating characteristic curve (AUROC). Results: From a total of 312 CKD patients, mean follow-up time was 39.7 months. Compared to those with lowest tertile of B2M, the highest tertile group had lower serum albumin, hemoglobin, and estimated glomerular filtration rate. After multivariate adjustment, the associations among tertiles of B2M, death or dialysis, cardiovascular events (CVEs), and MIA syndrome remained significant. The AHRs for the highest tertile group in death or dialysis, CVEs, and MIA syndrome were 25.91 and 65.84 and 152.50(all Ps <0.05).The AUROC for B2M in death or dialysis, CVEs, and MIA syndrome were greater than that for creatinine. The best cut-off value of B2M for predicting death or dialysis, CVEs, and MIA syndrome were 5.39 mg/dL(sensitivity: 67.1%, specificity 62.5%), 4.21 mg/dL (sensitivity: 85.1%, specificity 52.1%), and 5.40 mg/dL(sensitivity: 79.7%, specificity 64.1%). Conclusions: In those with CKD, serum B2M was more sensitive than creatinine in predicting CVEs and MIA syndrome.
INTRODUCTION
Chronic kidney disease (CKD) is an important public health challenge (1) . The high prevalence of CKD, especially end stage renal disease (ESRD), is associated with a high burden of morbidities and mortality (2) . Several biomarkers, such as low estimated glomerular filtration rate (eGFR) and albuminuria, were associated with mortality in those with CKD (3, 4) . There was a graded association between reduced eGFR and cardiovascular events (CVEs), which was the leading cause of mortality in patients with CKD (1) . Patients with advanced CKD, especially those undergoing maintenance hemodialysis, had a high prevalence of protein-energy malnutrition and inflammation (5) . Chronic inflammation had also been known as a risk factor for CVEs (6) . As these two conditions, malnutrition and inflammation, usually occurred concomitantly in those with advanced CKD, they had been referred together as malnutrition-inflammation and atherosclerosis (MIA) syndrome (5) .
There was a graded association between CKD stages and incidence of MIA syndrome. There were 7.9% and 30% of uremic patients with malnutrition and chronic inflammation, whereas 14.2%-22% of them suffered from CVEs (7) . Several etiologies might lead to malnutrition, such as inflammation, gastropathy, medication, depressive mood, and decreased synthesis of glucose and amino acid. Besides, elevated serum leptin and hemodialysis related factors, such as inadequacy of dialysis and postdialysis fatigue, might result in malnutrition (5) . Potential causes of inflammation included cytokine, acidosis, oxidative stress, and hemodialysis related factors, such as access infection, bio-incompatibility of dialyzer, and dialysate contamination (5) .
Beta 2 microglobulin (B2M) is a middle molecule with a molecular weight 11,800 Da (8) . It is present on the surface of human nucleated cell and forms part of the major histocompatibility complex class (MHC) I family (9) . Elevated B2M had been observed in malignancy, renal, immunodeficiency, and autoimmune disease (8) (9) (10) . B2M was associated with cardiac performance and mortality in those with CKD and those on maintenance hemodialysis (11) (12) (13) . It was also a thrombotic marker for peripheral artery occlusive disease (14) . However, the association between B2M and MIA syndromes was not well investigated. The aim of the study is to evaluate whether serum B2M is superior to serum creatinine (SCr) in predicting MIA syndrome and mortality or not. We analyzed multiple risk factors and comorbid conditions at baseline, including serum B2M levels. The impacts of those factors on mortality in those undergoing dialysis were followed over 7 years.
MATERIALS AND METHODS

Ethics
This study was conducted in accordance with the Declaration of Helsinki (2000) of the World Medical Association, and the protocol was approved by the institutional review board of Taoyuan General Hospital (TYGH105009) and waived the need for informed consent, because there was no breach of privacy or interference with decision-making processes related to patient care. This study was investigated in a single center, and all patients in the study were directly diagnosed and followed up at Taoyuan General Hospital.
Materials
This is a retrospective observational cohort study that included 707 adult patients who were followed in Taoyuan General Hospital from January of 2009 to December of 2015. We reviewed clinical characteristics and biochemical data from first time of presentation to nephrologists to the end of the cohort time. According to previous guideline, laboratory values, such as hemoglobin, white blood cell (WBC) count, blood urine nitrogen (BUN), creatinine (SCr), albumin, sodium, potassium, calcium, phosphate, uric acid, total cholesterol, triglyceride, Low density lipoprotein-cholesterol (LDL-c) were measured quarterly in subjects with CKD stage 3 and 4, whereas laboratory values were measured monthly when subjects progressed to CKD stage 5 (15) . Glycosylated hemoglobin was also measured every 3 months, especially in those with diabetes. There is no current consensus on frequency of C-reactive protein (CRP) follow-up. However, some authors recommended repeat CRP measures from three times in 2 years to annually; thus we reviewed those with CRP measures annually (16) . Baseline and follow-up eGFR were estimated according to the equation Modification Diet Renal Disease: Estimated GFR = 186 9 serum creatinine À1.154 9 age À0.203 9 1.21 (if black) 9 0.742 (if female) (15) . Those referred at early stage (CKD stage <3) (n = 76), whose length of follow-up was less than 1 year (n = 115), lacked demographic and biochemical data (n = 98), and were lost to follow-up during cohort time (n = 5) were excluded. Because malignancy and autoimmune disease might confound the serum B2M levels, those with history of cancer (n = 16) or autoimmune disease (n = 14) were also excluded (8) (9) (10) . To assess the incidence of MIA syndrome, we also excluded those with any component of MIA syndrome, including history of CVEs, serum albumin <3.5 g/dL, and CRP >1.0 mg/dL, at baseline (n = 71). (Fig. 1 ) Consequently, a total of 312 eligible patients were included for analysis.
Methods
Demographic data, comorbidity, clinical characteristics, and serial modifiable biochemical data were recorded and shown in Table 1 . All cause mortality, CVEs, and start of dialysis were recorded. According to tertiles of baseline B2M, the study subjects were stratified as followed: lowest tertile: <4.08 mg/dL; middle tertile: 4.08-5.65 mg/dL; highest tertile: >5.65 mg/ dL. Diagnosed comorbidities were also recorded at referral, such as diabetes and hypertension. Dialysis was started when subjects suffered from either hyperkalemia with arrhythmia, refractory metabolic acidosis, fluid overload with respiratory distress azotemia (blood urine nitrogen >100 mg/dL) or uremic symptoms, such as uremic bleeding and uremic encephalopathy. Cardiovascular events, including coronary artery disease, congestive heart failure class III or IV, and cerebrovascular accident (17) , were documented or defined according to coronary angiography or history of myocardial infarction, functional classification of New York Heart Association (NYHA), and history of neurologic deficit with computerized tomography (CT) scan or magnetic resonance image (MRI) of brain. Malnutrition was defined as serum albumin <3.0 g/dL measured by bromocresol purple (BCP) assay, whereas inflammation was defined as serum CRP >1.0 mg/dL (18) . CRP was measured by latex assay (AU system; Beckman Coulter Taiwan Inc, Taipei, Taiwan), whereas serum albumin was determined using bromocresol green (BCG)assay (AU640; Beckman Coulter Taiwan Inc, Taipei, Taiwan 
Statistical analysis
Continuous variables with a normal distribution were summarized as mean AE SD unless otherwise stated. Variables with a non-normal distribution are expressed as a median (interquartile range (IQR)). Pearson's Chi-square, Mann-Whitney U, one-way analysis of variance (ANOVA) or Kruskal-Wallis test are used to determine the differences in the demographic data, the laboratory variables, and clinical characteristics among different tertiles of baseline B2M. A multivariate regression model was used to relate a number of baseline variables to baseline B2M levels. Baseline variables in the model included age, gender, and independent variables with a < 0.05, such as hemoglobin, albumin, CRP, serum calcium and phosphate. The all cause mortality, initiation of dialysis, any component of MIA syndrome, including malnutrition, inflammation, and CVEs were recorded and calculated using Kaplan-Meier method and a log-rank test. The adjusted hazard ratios (AHRs) and 95% confidence intervals (CIs) for all cause mortality, initiation of dialysis, any component of MIA syndrome was calculated using Cox proportional hazard model after adjusted for age, gender, BMI, underlying disease (diabetes, hypertension), eGFR, serum albumin, hemoglobin, uric acid, HbA1c, C-reactive protein, LDLcholesterol, serum calcium, and phosphate at baseline. We chose "Enter" method for multivariate adjustment; thus, all variables were entered together. The discriminative ability of the baseline B2M and SCr to predict mortality, initiation of dialysis, MIA syndrome was determined using the area under the curve for the receiver operating characteristic (AUROC) curve. All statistical analyses were performed using PASW Statistics 18 (SPSS Inc., Chicago, IL, USA) and a two-tailed P value of <0.05 was considered statistically significant.
RESULTS
In total, 312 patients with advanced CKD were enrolled between January 2009 and December 2015. The cohort of the patients was followed up for a mean of 39.7 months since first referral to nephrologists' outpatient department. None of these patients received organ transplantation or were diagnosed with human immunodeficiency virus (HIV) infection. The mean age of the patients was 70.7 years, with 193 (61.9%) males and 119 (38.1%) females. Most of the patients were referred with hypertension (54.8%) and diabetes (44.9%). More than 45% of the subjects were referred at CKD stage 3 (n = 142), whereas 36.2% and 18.3% were referred at stage 4 and stage 5 (n = 113 and 57). The median B2M level was 5.43 mg/dL and subjects were stratified by B2M tertiles (n = 104 in all subgroups). Distributions of B2M levels were shown in Figure 2 . Hemodialysis was started when subjects suffered from hyperkalemia with arrhythmia (n = 4), refractory metabolic acidosis (n = 1), and fluid overload with respiratory distress (n = 2). The mortality rate at the end of the 6-year study period was 9.3% (n = 29), including seven subjects (2.24%) who died within 3 months after commencing dialysis. The mean time to mortality was 43.6 months. There were 180 subjects (57.7%) without any component of MIA syndrome during cohort time (MIA score = 0), whereas 22 subjects (7.1%) developed all components of MIA syndrome (MIA score = 3). The rate for death or dialysis in those with none, one, two, and three components of MIA syndrome were 1.7%, 8.7%, 33.4%, and 77.3%, respectively. Table 1 shows the comparisons among subjects with different tertiles of B2M levels. Compared to the lowest tertile group, those with highest tertile of B2M levels had higher serum phosphate, SCr, and greater incidence of MIA syndrome (3.8 vs. 4.7 mg/dL; 1.6 vs. 4.7 mg/dL, and 2.9% vs. 13.4%, all Ps <0.05). Besides, lower serum albumin, hemoglobin, and eGFR were also found in highest tertile group (4.2 vs. 4.1 g/ dL; 12.8 vs. 9.9 g/dL and 43.5 mL/min/1.73 m 2 vs. 14.0 mL/min/1.73 m 2 , all Ps <0.05). The incidence of coronary artery disease in high tertile group was also higher than that in those with lowest B2M levels (9.5% vs. 0.9%, P = 0.025). The proportion of male patients was greater in the lowest tertile group than that in the highest tertile group (72.8% vs. 50.5%, P = 0.004). There was no difference among tertiles of B2M levels in age, body mass index (BMI), serum sodium, potassium, uric acid, lipid profile, CRP, WBC count, and underlying disease (Table 1) . Table 2 shows the association of various factors with baseline serum B2M in a multivariate regression model. Serum B2M was positively correlated with SCr, age, and CRP. Besides, there was a trendy inverse correlation between B2M and serum albumin, as well as hemoglobin.
In multivariate analysis for continuous variables using Cox proportional hazards model, the age and serum B2M were significant predictors for death, death or dialysis, and CVEs. The risk for death, death or dialysis, and CVEs increased 5.1%, 4.1%, and 2.2% for every 1-year increase in age (P = 0.029, 0.038, and 0.303), whereas a 0.1 unit increase in nature logarithms of B2M (Ln B2M) produced a significant increase (36.3%, 25.8%, and 35.0%) in death, death or dialysis, and CVEs (all Ps <0.05). In univariate analysis, subjects with the highest tertile of B2M had strong association with death, death or dialysis, and CVEs (Hazard ratio (HR) and 95% confidence intervals (CIs): 3.13 (1.14-8.63), 3.19 (1.27-8.00), and 3.89 (1.29-11.73), all Ps <0.05). After multivariate adjustment, the associations among tertiles of B2M, death, death or dialysis, and CVEs remained significant. Compared to the lowest tertile group, the adjusted hazard ratios (AHRs) and 95% CIs for the highest tertile group in death, death or dialysis, and CVEs were 21 Table 3 ). The associations among tertiles of B2M, CVEs, and MIA syndrome in subgroups are also shown in Table 4 . Those with highest tertile of B2M were associated with an increased risk for CVEs and MIA syndromes, especially in those older than 65 years old, those with CKD progression, and those with or without diabetes. There was a trendy association between cardiovascular outcomes and mortality in those without stage-to-stage progression (Table 4) . Compared to the lowest tertile group, the highest tertile of B2M levels remained a significant predictor for occurrence of MIA syndrome. For occurrence of one, two, and three component of MIA (MIA score = 1,2 and 3), the AHR (95% CIs) were 6.86 (2.33-20.14), 20.30 (1.67-124.29), and 152.50 (9.96-2335.20 ) (all Ps<0.05).
Cumulative survival curves over 6 years according to tertiles of B2M using Kaplan-Meier method for death, death or dialysis, MIA syndrome, and CVEs were evaluated. Figure 3 shows Kaplan-Meier curves for cumulative risk of MIA syndrome among different tertile of B2M levels (Ps <0.05). The discriminative power of serum B2M and SCr for death, death or dialysis, CVEs and MIA syndrome were also calculated. The discriminative power (AUROC) for MIA syndrome between B2M and SCr levels are shown in 
DISCUSSION
This retrospective observational cohort study demonstrated not only advanced age, but also high serum B2M associated with death, death or dialysis, and CVEs in those with CKD. Serum B2M was more sensitive than SCr in predicting advanced CVEs and MIA syndrome, after adjusting for age, gender, BMI, eGFR, serum albumin, hemoglobin, uric acid, HbA1c, C-reactive protein, LDL-cholesterol, calcium, phosphate as well as underlying disease at baseline. There was a graded association between the number of components of MIA syndrome and death or dialysis.
Some studies had demonstrated the association between B2M and mortality as well as CVEs in those with CKD (7, 11, 13, 14, 20) . Nevertheless, the association between serum B2M and MIA syndrome had not been well investigated. As previous studies, B2M was associated with stroke, cardiac performance, and CVEs (10, 12, 20) . Besides, B2M was also associated with inflammation (10), which played an important role in pathophysiology of MIA syndrome (5). B2M was a part of the MHC class I and an initiator of inflammatory response that trigger inflammatory process (21) . It was also reported to be a marker after reperfusion injury in peripheral arterial disease and affected endothelial progenitor cell in those with vascular injury (14, 22) . Moreover, B2M was associated with heart valve calcifications in those under dialysis (23) . Not surprisingly, Serum B2M can predict the occurrence of MIA syndrome. Most of the studies demonstrated the association among malnutrition, inflammation, and atherosclerosis syndromes cross-sectionally because CRP measurements were not repeated regularly (7, 17, 24) . We assessed CRP and components of MIA syndrome annually in CKD subjects as per some authors' recommendation (16) . In subjects with CKD, we demonstrated that the high baseline serum B2M was associated with death, death or dialysis, and CVEs, as well as the occurrence of MIA syndrome. Those with higher serum B2M had higher incidence of MIA syndrome, either in those with or without diabetes ( Table 4) .
The reported proportions of each component of MIA syndrome in those with CKD were as followed: malnutrition: 7.9%-44%; inflammation: 30%-50%, and atherosclerosis: 14.2%-72% (7, 24, 25) . Moreover, the prevalence of none, one, two, and three components of MIA syndrome were 22%-32%, 29%-44%, 20.7%-27%, and 2.3%-22% (17, 24) . However, the prevalence of components of MIA syndrome was lower in our study (57.7%, 29.5%, 5.8%, and 7.1%). One of the explanations is the method of CRP measurements. Latex assay for CRP is less sensitive to latex-enhanced immunoturbidimetric or particleenhanced assay for high sensitive-CRP (hs-CRP); thus, the incidence of MIA syndrome in the study might be underestimated. There were several biomarkers to define inflammation, such as interleukin-6 (IL-6), and tumor necrosis factor a (TNFa) (5, 18) . The utilization of more than one biomarker for inflammation might increase the sensitivity for inflammation. Besides, the definition of atherosclerosis was different in these studies (17, 24) . Some authors defined atherosclerotic CVEs including asymptomatic carotid artery plaque and intimal hyperplasia; thus, the prevalence of atherosclerosis ranged from 14.2% to 72% (24) . Despite the predictive value of B2M in peripheral arterial disease, some authors did not agree with it (26, 27) . This may be the reason as to why the B2M was less sensitive to predict MIA syndrome and death or dialysis.
Serum B2M had been known to be an inverse association with eGFR. Nevertheless, SCr-based eGFR was less predictive for MIA syndrome, death, death or dialysis than serum B2M in the study. One of the explanations was eGFR levels did not appear to influence the serum CRP levels, especially in those with early stage CKD (28) . Serum CRP was independently associated with albumin, CVEs, and B2M (28) (29) (30) . As previous study, the discriminative power of B2M for death was superior to CRP and renal function (30) .
There were several limitations in this study. First, it is an observational, rather than an interventional study and is within one medical center; thus, the result might not be extrapolated into other area or population. Second, the exclusion of those lost to follow-up and those without demographic and biochemical data may lead to selection bias. Third, we did not evaluate the strategies for anti-inflammation, such as diet modification, exercise, smoking cessation, anti-inflammatory medicine , and treatment of comorbidity. For example, treatment of periodontal disease and medicine, such as statin, angiotensin-converting enzyme inhibitors, sevelamer, pentoxifylline, and N-acetylcysteine might be antiinflammatory (16) . Finally, only single baseline measurement of B2M might be inadequate; therefore, repeat B2M measurements may provide more information. Nevertheless, B2M was strongly correlated with SCr and good for GFR estimation at steady state (31, 32) . SCr was measured quarterly during cohort time in nonacute setting; thus, single measurement of baseline B2M might provide some prognostic information as previous study (11) .
In summary, not only advanced age, but also high serum B2M levels in CKD subjects is associated with death, death or dialysis, CVEs, and occurrence of MIA syndrome after adjusting for baseline demographic and biochemical data. B2M was more sensitive than SCr in predicting CVEs and MIA syndrome. Serum B2M is positively correlated with CRP and SCr. There is a trendy inverse correlation between B2 m and serum albumin as well as hemoglobin. Optimal interventions to reduce chronic inflammation in CKD subjects, such as anti-inflammatory medicine, diet and lifestyle modifications, might be important. This study was limited by the retrospective nature and sample size. A multicenter observational cohort study is warranted to confirm the predictive value of B2M for occurrence of MIA syndrome.
